The Colorado River Basin Geographic Focus Area Study
The Colorado River Basin (CRB) ( fig. 2 ) and the Delaware and Apalachicola-Chattahoochee-Flint (ACF) River Basins were selected by the Department of the Interior for the first round of FASs because of the perceived water shortages in the basins and potential conflicts over water supply and allocations. After gathering input from numerous stakeholders in the CRB, the USGS determined that surfacewater resources in the basin were already being closely monitored and that the most important scientific contribution could be made by helping to improve estimates of four waterbudget components: evapotranspiration losses, snowpack hydrodynamics, wateruse information, and the relative importance of groundwater discharge in supporting streamflow across the basin. The purpose of this fact sheet is to provide a brief summary of the CRB FAS results as the study nears completion. Although some project results are still in the later stages of review and publication, this fact sheet provides an overall description of the work completed and cites the publications in which additional information can be found. (Senay and others, 2013) . The SSEBop ETa model uses land surface temperature (LST) derived from satellite imagery and integrates these data with local weather datasets (for example, net radiation, air temperature, humidity, wind speed, and air pressure) to produce estimates of ETa at the time of each satellite overpass. Time periods between satellite overpasses are interpolated using potential ET data derived from the landbased weather datasets.
The SSEBop ET model uses LST from both MODIS (1,000 meters [m]) and Landsat (100 m) satellite sensors, thus producing estimates of ET at two spatial scales. The finer scale resolution substantially increases the computational time required to produce the estimates. Currently (2015), 1,000-m ETa estimates have been completed for the conterminous United States for the year 2000 to the present as monthly and annual totals. These datasets are archived and disseminated through the USGS Geo Data Portal at http://cida.usgs.gov/gdp/. Because of the large computational requirements, 100-m ETa estimates are produced on a region-specific basis. In 2014, the first ever CRBwide, 100-m scale ETa estimate was completed for 2010 using Landsat 5 and 7 imagery (Singh and others, 2014) followed by a 2013 CRB-wide ETa estimate using Landsat 8 (G.B. Senay, USGS, written commun., Oct. 26, 2015) . These ETa estimates were validated using a combination of methods including landbased eddycovariance flux towers, annual-scale basin water balance ET datasets (Velpuri and others, 2013) , and field-reported data. The 100-m resolution ETa estimates were used by the CRB FAS to quantify agricultural irrigation consumptive water use on a field-by-field scale and are being incorporated into the irrigation category for the basinwide wateruse compi lation discussed in the Water-Use Information section ( fig. 3 ).
Snowpack Hydrodynamics
Snow is an essential resource in the Western United States, providing water for drinking, irrigation, industry, energy production, and ecosystems across much of the region. In the mountains of the Western United States, most precipitation falls as snow, which accumulates in seasonal snowpacks that serve as large natural reservoirs.
Understanding the spatial distribution of snowpack water content is essential for forecasting annual snowmelt streamflow. As part of the CRB FAS, the USGS has been conducting studies of factors affecting snowpack distribution, snowmelt, and losses of snowpack water due to sublimation in the Upper Colorado River Basin (UCRB). These studies have shown that peak snowmelt in Colorado is occurring 2-3 weeks earlier than it did during the late 1970s (Clow, 2010) . These changes in snowmelt timing have been traced to a combination of decreased snowfall, warm springtime air temperatures, and deposition of windblown dust onto mountain snowpacks (Clow, 2010; Painter and others, 2012; Clow and others, 2015) . Also, as part of the FAS, the USGS has developed methods to make physical measurements of snowpack sublimation. Continuous measurements at multiple sites indicate a seasonal loss of 2-30 percent of annual snow water equivalent (SWE), depending on a variety of conditions including elevation, aspect, temperature, and wind speed (G. Sexstone, USGS, written commun., Nov. 19, 2015) (fig. 4) .
In addition, the CRB FAS compared the output from the National Weather Service's Snow Data Assimilation (SNODAS) program (National Operational Hydrologic Remote Sensing Center. 2004) to field-based measurements at multiple locations in the CRB. The SNODAS program provides moderate-resolution model estimates of snow water content at a daily time step. The CRB FAS showed that although SNODAS performed well in forested areas, it was less accurate in areas above the tree line where snow is redistributed by wind (Clow and others, 2012) . Results of these studies and ongoing work will help improve runoff forecast models used by water managers in the Western United States. 
Water-Use Information
The USGS defines water use as the interaction of humans with the hydrologic cycle. Human water use is a major component of a regional water budget. Wateruse data collected by the USGS describe water that is withdrawn from a source and delivered to a "customer" and is reported for the following categories of use: public supply, domestic, commercial, industrial, irrigation, livestock, mining, aquaculture, hydroelectric and thermoelectric power generation, and wastewater returns. The USGS has published national compilations of water-use data since 1950 (at 5-year intervals) as part of the National Water Use Information Program (Maupin and others, 2014) .
Water-use data for the CRB FAS are being compiled as annual total withdrawals by source and include the wateruse categories listed previously. Data are being aggregated for 8-digit Hydrologic Unit Code (HUC-8) watersheds within the Upper and Lower Colorado River Basins rather than by county/State, which is the format used for USGS national wateruse compilations. Water that is withdrawn and applied within the hydrologic basin boundaries of the CRB are reported as a water use at the point where water is taken from the source. Additionally, water that is exported outside the basin boundaries ("interbasin transfers") is summarized for municipal, industrial, and irrigation uses. In order to look back at recent trends in water use in the CRB, data are being reaggregated for HUC-8 watersheds from 1985 to 2010, in 5-year intervals, with consumptive use for thermoelectric power generation and irrigation for 2010 , and sporadically for 2000 and 2005. These data are intended to enhance hydrologic studies by representing the effects of water use on the water budget and, therefore, water availability. Wateruse compilations at this scale and number of categories is not planned to be continued into the future (fig. 5 ).
Groundwater Discharge to Streams
Historically, management of water resources in the CRB has focused on surfacewater supplies; however, groundwater and surface water are interconnected, and groundwater discharge to streams sustains surface-water flows in much of the UCRB. In light of recent droughts and anticipated changes in climate, there is a need to understand the link between groundwater and surface water. The objective of this component of the CRB FAS is to quantify groundwater discharge to streams across the UCRB.
To estimate groundwater discharge to streams in the UCRB, methods were developed to use instream waterquality data, specifically the electrical conductivity (specific conductance, SC) of stream water, to quantify the fraction of streamflow that origi nates as groundwater. Using this approach with SC data that were continuously measured in 14 streams and rivers in the UCRB, it was determined that, on average, 21-58 percent of annual streamflow at these sites originates as groundwater discharge (Miller and others, 2014) . For sites where only occasional measurements of SC (referred to as discrete data) have been made, an additional method was developed to estimate the percentage of streamflow that originates as groundwater (Miller and others, 2015) . This method was applied at 229 sites in the UCRB. The results show that groundwater discharge to streams contributes an average of 48 percent of total streamflow in the UCRB, with site-specific estimates ranging from 12 to 92 percent (Rumsey and others, 2015) ( fig. 6 ). Spatially, groundwater discharge to streams is greater in upland, mountainous areas that have greater precipitation. The last phase of the study, which is currently underway, uses the annual estimates of groundwater discharge to streams at these 229 sites as calibration data in a Spatially Referenced Regression on Watershed Attributes (SPARROW) model (Schwarz and others, 2006) to estimate groundwater discharge to streams in more than 10,000 stream reaches in the UCRB.
In Closing
The Colorado River Basin Focus Area Study developed new information on important components of the basin water budget that can be used to inform water managers and users throughout the region. This fact sheet provides an early summary of the USGS activities in the CRB as part of the USGS National Water Census Geographic Focus Area Study. The following list of references guides the reader to a more indepth discussion on most of the information contained herein. Interested readers also are directed to the National Water Census online data portal (http://water.usgs.gov/ watercensus/) where existing data and publications can be accessed. Figure 6 . Estimates of annual groundwater discharge to streams (baseflow) at 229 sites in the Upper Colorado River Basin (UCRB). Groundwater discharge to streams contributes an average of 48 percent of total streamflow in the UCRB. Modified from Rumsey and others (2015) .
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